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INTRODUCTION 

Fo l lowing  t h e  1973 f u e l  c r i s i s ,  a n a t i o n a l  movement began t o  
d i s c o v e r  e c o n o m i c a l  methods f o r  e i t h e r  removing s u l f u r  d i r e c t l y  f rom 
c o a l ,  o r  t o  d i s c o v e r  ways of  b u r n i n g  t h e  c o a l  w i t h o u t  t h e  e v o l u t i o n  
o f  h a r m f u l ,  s u l f u r  o x i d e s .  A number o f  p r o p o s a l s  have been made f o r  
t h e  a b s o r p t i o n  o f  s u l f u r  o x i d e s  s u c h  as  t h e  use  of  s e a  w a t e r  o r  t h e  
u s e  of raw T r o n a  (Na2C03-NaHC03-2H20) t a k e n  d i r e c t l y  from Wyoming 
d e p o s i t s  and d i s s o l v e d  i n  w a t e r  f o r  t h e  a b s o r p t i o n .  

C a l i f o r n i a  c o n t a i n s  s c a t t e r e d  n a t u r a l  r e s e r v e s  o f  h i g h l y  a l k a l i n e  
b r i n e s  which c o u l d  a l s o  be used f o r  t h e  a b s o r p t i o n  o f  s u l f u r  o x i d e s .  
These a l k a l i n e  d r y  l a k e s  l o c a t e d  p r i m a r i l y  i n  d e s e r t  a r e a s  have 
s i g n i f i c a n t  a b s o r p t i o n  c a p a c i t i e s  f o r  t h e  s u l f u r  o x i d e s  and i n  
a d d i t i o n  c o n t a i n  v a l u a b l e  m i n e r a l s ,  e . g .  , boron  and t u n g s t e n .  T h i s  
r e p o r t  w i l l  show t h a t  a s  a resul t  of t h e  b r i n e  a c i d i f i c a t i o n  w i t h  
SO2, t u n g s t e n  can  be  r e c o v e r e d  much e a s i e r ,  t h u s  u s i n g  a 
p o t e n t i a l  a i r  p o l l u t a n t  to  a i d  i n  n a t u r a l  r e s o u r c e  recovery. 

g a s e s  are p r o d u c e d ,  v i z :  ca rbon  d i o x i d e ,  s u l f u r  d i o x i d e  and lesser 
amounts of  s u l f u r  t r i o x i d e  and n i t r o g e n  o x i d e s .  As t h e  a c i d i c  
o x i d e s  p a s s  i n t o  a n  a l k a l i n e  s a l t  s o l u t i o n ,  t h e y  are  n e u t r a l i z e d  
fo rming  s a l t s  s u c h  a s  s u l f i t e ,  s u l f a t e ,  b i c a r b o n a t e  and n i t r i t e s .  
A s  t h e  g a s e s  a r e  a b s o r b e d ,  t h e  pH w i l l  c o n t i n u e  to  d e c r e a s e  i n  
s o l u t i o n .  With d e c r e a s i n g  pH, some of  t h e  less s t a b l e  weaker a c i d  
s a l t s  w i l l  r e l e a s e  t h e i r  g a s e s  such  a s  C02 from s o l u t i o n .  

b a s i c  s a l t s  ( c a r b o n a t e ,  b i c a r b o n a t e ,  b o r a t e  and m e t a b o r a t e )  a r e  
p r e s e n t  a s  w e l l  a s  n e u t r a l  s a l t s  such  a s  NaC1, KCL, and N a 2 S 0 4 .  
Because t h e  b r i n e s  a r e  a l s o  q u i t e  c o n c e n t r a t e d  ( 4 0 0  g / l ) ,  t h e  u s u a l  
s t o i c h i o m e t r y  and e q u i l i b r i a  a p p l i c a b l e  i n  d i l u t e  s y s t e m s  d o  n o t  
a lways  a p p l y .  I n  a d d i t i o n ,  s a l t s  such  a s  b o r a t e  and m e t a b o r a t e  
c o n t r i b u t e  a b u f f e r i n g  c a p a c i t y .  With such  a s y s t e m ,  d i r e c t  e x p e r i -  
men ta l  measurement is t h e  b e s t  a p p r o a c h .  

The e x p e r i m e n t s  i n  t h i s  s t u d y  were pe r fo rmed  u s i n g  a b r i n e  from 
S e a r l e s  L a k e  C a l i f o r n i a .  The l a k e  is l o c a t e d  a b o u t  185 miles 
n o r t h e a s t  of L o s  A n g e l e s  and c o v e r s  a b o u t  13 s q u a r e  m i l e s  of exposed 
s u r f a c e .  The s a l t  body c o v e r s  t h e  whole 1 3  s q u a r e  miles of s u r f a c e  
and a much l a r g e r  s u b s u r f a c e  a r e a  t o  a d e p t h  of 50 t o  75 f e e t .  
During most of t h e  y e a r ,  t h e  s u r f a c e  o f  t h e  s a l t  body is  d r y  and 
h a r d  b u t  i n  w i n t e r  a f t e r  r a i n s  l i q u i d  may b e  t w o  or t h r e e  i n c h e s  
above t h e  t o p  o f  t h e  s a l t  body (1). 

when h i g h  s u l f u r  f u e l s  a r e  b u r n e d ,  two and p o s s i b l y  more a c i d i c  

The c h e m i s t y  o f  t h e  b r i n e s  is q u i t e  complex s i n c e  a number o f  
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A t y p i c a l  b r i n e  a n a l y s i s  f rom S e a r l e s  Lake i s  i n d i c a t e d  i n  
T a b l e  I ( 2 ) .  The b r i n e  c o n t a i n s  a b o u t  35% d i s s o l v e d  s o l i d s .  The 
c o m p o s i t i o n  v a r i e s  somewhat a t  d i f f e r e n t  l o c a t i o n s ;  t h e  lower 
s t r u c t u r e  b r i n e  c o n t a i n s  more c a r b o n a t e  and b o r a t e  t h a n  d o e s  t h e  
upper  s t r u c t u r e  b r i n e .  I t  is a p p a r e n t  t h a t  t h i s  v a s t  n a t u r a l  l a k e  
c o n t a i n s  a r e a d y  s i n k  f o r  t h e  s u l f u r  d i o x i d e .  

TABLE I 
TYPICAL BRINE ANALSYSESOM SEARLES LAKE 

Upper S t r u c t u r e  Lower S t r u c t u r e  
C o n s t i t u e n t  B r i n e ,  w t  % B r i n e ,  w t  % 

K C  1 
Na2C03 
NaHC03 
Na2B407 
Na2B204 
Na2SO4 
Na2S 
Na3AsO4 
Na3P04 
N a C l  
H20 ( b y  d i f f e r e n c e )  

B r  
wo3 

I 
F 
L i z 0  

4.90 
4.75 
0.15 
1 .58  

6.75 
0.12 
0.05 
0.14 

16.10 
65.46 

0 .008  
0.085 
0.003 
0.002 
0.018 

3.50 
6.50 

1.55 
0 .75  
6.00 
0 .30  
0 .05  
0 .10  

15.50 
65.72 

0 .005  
0 .071  
0.002 
0 .001  
0.009 

EXPERIMENTAL 

A p p a r a t u s  and  R e a g e n t s  

1. S u l f u r  d i o x i d e  compressed g a s  c o n t a i n i n g  i n  p e r c e n t :  0 .47  

2. Flow meter, F i s c h e r  and P o r t e r  No. 08F 1/16-12-5-36 set  for 

3. F i s c h e r - M i l l i g a n  g a s  a b s o r p t i o n  b o t t l e s .  

4. H y d r o c h l o r i c  a c i d  ( 1 : 9 9 ) ,  p o t a s s i u m  i o d a t e  (0 .2225 grams 

S02, 33.07 CO2, 3.43 CO and  t h e  b a l a n c e  ( a p p r o x .  6 3 % )  n i t r o g e n .  

62 m l  p e r  m i n u t e  g a s  flow by c a l i b r a t i o n .  

p e r  l i t e r )  e q u i v a l e n t  to 0.10 mg o f  s u l f u r  per m l  and s t a r c h  i n d i -  
c a t o r  mixed appropriately to  m o n i t o r  s u l f u r  d i o x i d e  a b s o r p t i o n  
e f f i c i e n c y .  

A b s o r p t i o n  T r a i n  f o r  SO2 B e a r i n g  Gas 
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A - Tank o f  compressed SO2 b e a r i n g  g a s  and r e g u l a t o r .  

B - Flow meter. 

C - S e a r l e s  Lake b r i n e  i n  F i s c h e r  M i l l i g a n  b o t t l e .  

D - Sodium c a r b o n a t e  i n d i c a t o r  s o l u t i o n  w i t h  p h e n o l p h t h a l e i n  used 
w i t h  100% SO2 gas when s e p a r a t i n g  50  ppm t u n g s t e n  f rom 100 m l  
of b r i n e .  

E - 100 m l  t a l l  form b e a k e r  and g a s  b u b b l e r  used w i t h  50  m l  b u r e t  t o  
d e l i v e r  KIO3 s o l u t i o n  f o r  t i t r a t i o n  of SO2.  

DISCUSSION OF RESULTS 

The d a t a  on t h e  a b s o r p t i o n  o f  t h e  SO2 b e a r i n g  (0 .47% S O 2 )  
combus t ion  g a s  i n d i c a t e s  t h a t  a b o u t  7 1  grams o f  SO2 can  be  a b s o r b e d  
per l i t e r  of raw S e a r l e s  Lake b r i n e .  The e f f i c i e n c y  o f  t h e  s i n g l e  
s c r u b b e r  was 98% w i t h  an  a l i q u o t  ( 2 . 5  m l  t o  100  m l )  o f  t h e  c o n c e n t r a t e d  
b r i n e  u s i n g  t h e  e x p e r i m e n t a l  a p p a r a t u s  a t  a g a s  f l o w  o f  6 2  m l  per 
minu te  (8 .6  x 10-49 of  SO2 p e r  m i n u t e ) .  
t h r o u g h  o c c u r r e d  a f t e r  a t o t a l  e l a p s e d  t i m e  o f  4 h o u r s  and one  minu te .  
The n e t  a l k a l i n e  a b s o r b a n c e  t i m e  ( c o r r e c t i n g  f o r  water a b s o r b a n c e )  was 
226 minu tes .  The b reak - th rough  was d e t e c t e d  by n o t i n g  t h e  c o n t i n u e d  
f a d i n g  of t h e  b l u e  i o d i n e  s t a r c h  color from t h e  e x i t  g a s  bubb led  i n t o  
b e a k e r  E. 

S u l f u r  d i o x i d e  b reak -  

Because  t h e  d a t a  o f  T a b l e  I are  a n a l y s e s  which can  v a r y  w i t h  
l o c a t i o n ,  t h e  a n a l y s e s  o f  t h e  a c t u a l  b r i n e  used i n  t h e  e x p e r i m e n t s  
is  shown i n  T a b l e  11. It lists t h e  p r i n c i p a l  sod ium s a l t s  of t h e  
S e a r l e s  b r i n e  and t h e i r  c a l c u l a t e d  c o n c e n t r a t i o n s  based  on  c a t i o n  
and an ion  a n a l y s e s  of  t h e  raw b r i n e  sample  used .  N o t  l i s t e d  i s  
a p p r o x i m a t e l y  6 5  grams per l i t e r  o f  KCL which is t h e  p r i n c i p a l  
p o t a s s i u m  s a l t  for  a b r i n e  of s p e c i f i c  g r a v i t y  1 .30 a t  21OC. 

TABLE I1 ~~~ ~- 
COMPOSITION BY ANALYSIS OF SELECTED COMPONENTS 

OF SEARLES LAKE BRINE 

C o n c e n t r a t i o n  C o n c e n t r a t i o n  
Component ( g / l )  C a l c u l a t e d  A s  As ( g / l )  

Sodium 149.4 
Po ta s s ium 34 .8 
Carbona te  35.2 Na2C03 62.3 
C h l o r i d e  151.0 N a C l  249.1 
B i c a r  bond t e  5.2 NaHC03 7.2 

Te t r a b o r a  t e  16.8 Na2B407-10H20 41.3 
S u l f a t e  61.0 Na2S04 90.3 

The SO2 a b s o r b i n g  c a p a c i t y  o f  t h e  s e l e c t e d  sodium s a l t s  a t  
t h e  g i v e n  c o n c e n t r a t i o n  can be  s e e n  i n  t h e  d a t a  o f  T a b l e  111 f o r  
2 . 0  m l  a l i q u o t  o f  e a c h  s a l t .  The compar i son  o f  t h e  t o t a l  a b s o r p  
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c a p a c i t y  f o r  t h e  sum o f  t h e  s y n t h e t i c s  was 1 6 5  m i n u t e s  v e r s u s  1 6 8  
m i n u t e s  f o r  a 2.0 m l  a l i q u o t  of t h e  a c t u a l  b r i n e  w i t h  t h e  0.47% 
SO2 combust ion  g a s .  T h i s  c o n f i r m s  t h a t  t h e  s y n t h e t i c  d a t a  is 
g i v i n g  a t r u e  a b s o r p t i o n  c a p a c i t y  f o r  a l l  t h e  s a l t s  t e s t e d .  
S u r p r i s i n g l y  e v e n  Na2S04 is c o n t r i b u t i n g  s l i g h t l y .  The p r i n c i p a l  
SO2 a b s o r b e r s  a p p e a r  to  be sodium c a r b o n a t e  ( 7 6 % )  f o l l o w e d  by 
sodium t e t r a b o r a t e  ( 1 5 % ) ,  sodium b i c a r b o n a t e  ( 6 % )  and sodium s u l f a t e  
( 3 % ) .  

Table I11 
SULFUR DIOXIDE ABSORPTION CAPACITY OF SELECTED 

SALTS PRESENT I N  SEARLES LAKE BRINE - 2.0 ML ALIQUar 

PH ~ 4 3  Absorban=, N e t  Absorb. 
S a l t  Concentration (g/ l )  ( i n i t i a l )  ( a f t e r )  T h e  ( m i n )  T h e  (min) 

41.3 Na2B407-10H20 9.20 3.12 39 24 

7.2 NaHCO3 7.97 3.35 25 10 

62.3 Na2C03 11.65 5.45 141 126 

90.3 Na2S04 8.01 3.10 20 5 

Water Blank (100 m l )  6.70 2.98 15 - 
Absorbance equals 8.6 x 10-4 grams of So;! per minute and net  
absorbance is corrected f o r  the water blank. 

The r e s e r v e s  o f  sodium c a r b o n a t e  i n  S e a r l e s  Lake have  been  
e s t i m a t e d  t o  b e  i n  e x c e s s  o f  150 m i l l i o n  t o n s  ( 3 ) .  Hence t h i s  huge 
c a r b o n a t e  r e s e r v e  p l u s  t h e  o t h e r  a l k a l i n e  s a l t s  c o u l d  p r o v i d e  a 
s o u r c e  of  a l k a l i n e  n e u t r a l i z i n g  c a p a c i t y  f o r  h i g h  s u l f u r  coal or o i l  
b u r n i n g  power p l a n t s  l o c a t e d  n e a r  S e a r l e s  Lake or s u f f i c i e n t l y  c l o s e  
so t h a t  t h e  b r i n e  c o u l d  be pumped to  t h e  l o c a t i o n .  I n  t h e  case of 
Na2C03 t h e  r e a c t i o n  w i t h  SO2 f o l l o w s :  

Na2C03 + 2S02 + H20-2NaHS03 + C02 

Based on t h e  above e q u a t i o n  and assuming c o m p l e t e  r e a c t i o n ,  a 
b r i n e  o f  62.3 g / 1  Na2C03 ( T a b l e  11) s h o u l d  a b s o r b  75.2 grams o f  
SO2 p e r  l i t e r .  However as  shown i n  T a b l e  111, o n l y  76% o f  t h e  
a b s o r b i n g  c a p a c i t y  was d u e  t o  sodium c a r b o n a t e ,  i . e . ,  7 1  ( t o t a l  
S O 2  a b s o r b a n c e )  x 0.76 or 54 grams o f  SO2 p e r  l i t e r .  T h i s  
i m p l i e s  a n  e f f i c i e n c y  of 54/75 x 1 0 0  or 72% i f  t h e  n e u t r a l i z a t i o n  
were to g o  c o m p l e t e l y  t o  NaHS03 f o r m a t i o n  from Na2C03. A s  t h e  
d a t a  of T a b l e  I11 i n d i c a t e  f o r  p u r e  NazC03, t h e  f i n a l  p H  a f t e r  
S O 2  a b s o r p t i o n  w a s  5 .45  which l ies  close t o  t h e  v a l u e  o b s e r v e d  on 
so2 g a s s i n g  o f  t h e  raw Searles  b r i n e .  
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TUNGSTEN RECOVERY 

A s  i n d i c a t e d  ea r l i e r ,  t u n g s t e n  is one o f  t h e  more v a l u a b l e  
m i n e r a l  components i n  S e a r l e s  Lake b r i n e .  Although p r e s e n t  a t  o n l y  
50 ppm, t h e  amount of b r i n e  i n  t h e  l a k e  is so  g r e a t  t h a t  t h e  t o t a l  
amount of t u n g s t e n  is e s t i m a t e d  a t  1 7 0  m i l l i o n  pounds o f  WO3, 
e q u a l i n g  t h e  t o t a l  of a l l  o t h e r  known U.S. r e s e r v e s .  Ea r l i e r  
w o r k e r s  ( 4 )  had i n d i c a t e d  t h a t  t h e  t u n g s t e n  migh t  b e  r e c o v e r e d  w i t h  
o r g a n i c  r e a g e n t s  i f  t h e  b r i n e  c o u l d  be a c i d i f i e d  by c a r b o n a t i n g  t h e  
l i q u o r  w i t h  f l u e  g a s .  The d a t a  of  T a b l e  I V  i n d i c a t e s  t h a t  t u n g s t e n  
r e q u i r e s  a low pH f o r  r e c o v e r y  from b r i n e .  E v i d e n t l y ,  t h e  r a t h e r  
weak a c i d  n a t u r e  of c a r b o n i c  a c i d  makes C02 a poor c h o i c e  t o  
r e d u c e  t h e  pH of  a l k a l i n e  b r i n e s .  Obv ious ly  t h e  b o r a t e  s a l t s  s e r v e d  
as a b u f f e r  t o  p r e v e n t  s u f f i c i e n t  C02 a c i d i f i c a t i o n .  

TAR1.E IV -. .- - - - . 
RECOVERY OF TUNGSTEN FROM SEARLES LAKE B R I N E  
WITH O R G A N I C  REAGENTS SELECTIVE FOR TUNGSTEN 

T e s t  P r e t r e a t m e n t  O r g a n i c  Reagen t  % M Recovered - 
1 SO2 t o  pH 5 . 5  8 -Hydroxyqu ino l ine  

H2SO4 t o  pH 2.0 
0 

2 Same a s  above 
3 c02 t o  pn 9.0 

4 SO2 t o  pH 5.5 

5 None 

6 SO2 t o  pH 5 . 5  

100 m l  o f  b r i n e  

C i n c h o n i n e  20 
T a n n i c  a c i d  0 
8 -Hydroxyqu ino l ine  
T a n n i c  a c i d  15  
8 -Hydroxyqu ino l ine  
T a n n i c  a c i d  0 
C i n c h o n i n e  
T a n n i c  Acid 1 0 0  
C i n c h o n i n e  

were used  which would y i e l d  a b o u t  7 . 0  mg of 
t u n g s t i c  o x i d e  (WO3). A l s o  p u r e  SO2 g a s  was used r a t h e r  
t han  t h e  d i l u t e  c o m b u s t i o n  g a s  ( 0 . 4 7 %  S02)  so t h a t  t h e  a c i d i f i -  
c a t i o n  cou ld  be  c o m p l e t e d  i n  a r e a s o n a b l e  time. Upon SO2 g a s s i n g  
a y e l l o w  p r e c i p i t a t e  o f  s u l f u r  f i r s t  formed i n  t h e  b r i n e .  These 
s t u d i e s  w i t h  pure SO2 g a s  c o n t a c t i n g  t h e  raw b r i n e  i m p l i e s  f i r s t  a 
p o s s i b l e  C l a u s  r e a c t i o n  between t h e  SO2 and t h e  Na2S p r e s e n t  
(500  ppm) i n  t h e  raw b r i n e ,  i .e . ,  

2H2S + S02+3S0 + 2H20 

A f t e r  comple t ion  o f  t h e  SO2 g a s s i n g ,  t h e  s u l f u r  p r e c i p i t a t e  was 
f i l t e r e d  from t h e  s o l u t i o n ,  washed,  i g n i t e d  and s u b j e c t  t o  s p e c t r o -  
g r a p h i c  a n a l y s i s .  

w i t h  t h e  e l e m e n t a l  s u l f u r  b u t  t h a t  n e a r l y  6% o f  t h e  r e s i d u e  is 
a r  s e n 1  c . 

The d a t a  of  T a b l e  V show t h a t  v e r y  l i t t l e  t u n g s t e n  is removed 
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TABLE-V 
EMISSION  SPECTROGRAPHIC^ ANALYSIS OF SULFUR 

Element  P e r c e n t a g e  

RESIDUE FROM SEARLES LAKE B R I N E  IGNITED TO OXIDE 

N a  32. 
K 5.7 
A s  5.8 
B 0.24 
W 0.12  
c u  0.057 
S i  0 .23  
C a  0.095 
L i  0.0059 
A 9  0.00082 
N i  0 . 0 0 3 0  
C r  0.054 
Fe  0 .026  
Mo 0.0079 
T i  0.0095 

S u l f u r  r e s i d u e  i g n  
r e s i d u e  we igh ing  0 
SO2 g a s .  

t e d  a t  57OOC f o r  1 1/2 h o u r s  t o  p r o d u c e  a g r a y  
1004 grams s e p a r a t e d  f rom 100 m l  o f  b r i n e  w i t h  

T h i s  p r o c e d u r e  was by  a r c  s e m i q u a n t i t a t i v e  o p t i c a l  e m i s s i o n .  

Fo l lowing  t h e  s u l f u r  f i l t r a t i o n ,  t h e  f i l t r a t e  was t r e a t e d  by 
s t a n d a r d  methods  u s i n g  t h e  r e a g e n t s  o f  T a b l e  I V .  I t  is e v i d e n t  t h a t  
h i g h  m o l e c u l a r  w e i g h t  r e a g e n t s  ( c i n c h o n i n e  294 a n d  t a n n i c  a c i d  1701) 
a r e  n e c e s s a r y  t o  p r e c i p i t a t e  t u n g s t e n  from a h i g h l y  s a l i n e  s o l u t i o n .  

The d a t a  o f  T a b l e  VI f o r  t h e  i g n i t e d  t u n g s t e n  r e s i d u e  were 
o b t a i n e d  by a s e m i - q u a n t i t a t i v e  a n a l y s i s  f o r  . a l l  e l e m e n t s  e x c e p t  
t u n g s t e n  which  was a n a l y z e d  by a m o d i f i c a t i o n  of t h e  McKaveney ( 5 )  
hydroqu inone  p h o t o m e t r i c  p r o c e d u r e .  The m o d i f i c a t i o n  i n v o l v e d  
f u s i o n  of t h e  i g n i t e d  r e s i d u e  w i t h  p o t a s s i u m  p y r o s u l f a t e  f o l l o w e d  by 
a l e a c h  w i t h  s u l f u r i c  a c i d  and d i l u t i o n  t o  50  m l .  An a l i q u o t  was  
t h e n  added  to  t h e  hydroqu inone  f o r  color development .  The p r i n c i p a l  
i m p u r i t i e s  i n  t h e  t u n g s t i c  a c i d  a r e  sodium and p o t a s s i u m  w i t h  lesser 
amounts o f  s i l i c o n ,  bo ron  and p r o b a b l y  o c c l u d e d  c h l o r i d e  and s u l f a t e .  
A w a t e r  or d i l u t e  n i t r i c  a c i d  l e a c h  s h o u l d  s o l u b i l i z e  most of t h e s e  
i m p u r i t i e s  o u t  o f  t h e  t u n g s t i c  a c i d .  
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TABLE V I  
EMISSION SPECTROGRAPHIC ANALYSIS OF IGNITED O X I D E  
RESIDUE FROM TANNIC A C I D  - C I N C H O N I N E  SEPARATION 

OF SO2 TREATED SEARLES LAKE B R I N E  

Element  _. % Element  - % 

Na 23.  
K 5.8 
W 25.0 
Ca 0 .069  
A 1  0.19 
S i  1.3 
B 2 . 1  

B a  0.22 
Fe  0.048 
T i  0.084 
Z r  0.16 
MO 0.035 
Sn 0.014 
Cr 0.064 

TECHNICAL AND ECONOMIC CONSIDERATIONS 

Kerr-McGee, is now e x p a n d i n g  its o p e r a t i o n s  a t  S e a r l e s  Lake. 
I t  is c o n s t r u c t i n g  a 6 4  megawatt  coal f i r e d  power p l a n t  ( 6 ) .  The 
p u r p o s e  is t o  r e p l a c e  scarce n a t u r a l  g a s  and t o  s u p p l y  p r o c e s s i n g  
steam and e l e c t r i c i t y  for t h e i r  c h e m i c a l  o p e r a t i o n s .  The c a r b o n  
d i o x i d e  from coal c o m b u s t i o n  w i l l  b e  used  f o r  b r i n e  c a r b o n a t i o n  t o  
m a n u f a c t u r e  sodium b i c a r b o n a t e .  By u s i n g  h i g h e r  s u l f u r  f u e l s ,  SO2 
a b s o r p t i o n  c o u l d  be u s e d  f o r  e a s i e r  t u n g s t e n  r e c o v e r y  w h i l e  c a r b o n  
d i o x i d e  c o u l d  be d i v e r t e d  t o  p r e s e n t  c h e m i c a l  o p e r a t i o n s .  

The a u t h o r s  have  c i t e d  t h e  u t i l i t y  o f  a l k a l i n e  b r i n e s  f o r  t h e  
u s e f u l  a p p l i c a t i o n  o f  a h a r m f u l  p o l l u t a n t  ( S 0 2 )  f rom c o a l  or o i l  
combust ion .  A l s o ,  t h e i r  s p e c i f i c  a p p l i c a t i o n  d e a l t  w i t h  S e a r l e s  Lake 
and  some m o d i f i c a t i o n s  would be n e c e s s a r y  f o r  d e p o s i t s  c o n t a i n i n g  
o t h e r  ra t ios  o f  c a r b o n a t e ,  b o r a x  and b i c a r b o n a t e  which a r e  p r e s e n t  i n  
o t h e r  C a l i f o r n i a  b r i n e s .  I n  t h e  f u t u r e ,  t h e  u s e  o f  p i p e l i n e  t r a n s -  
p o r t a t i o n  of  coal i n  water s l u r r i e s  may make many o f  t h e s e  r e m o t e l y  
l o c a t e d  a l k a l i n e  d e p o s i t s  r ea l i s t i c  f o r  power p l a n t  s i t i n g .  The 
water from t h e  s l u r r y  may b e  u s e f u l  f o r  c o o l i n g  p u r p o s e s .  A l s o ,  t h e  
u s e  of  p i p e l i n e s  f o r  t r a n s p o r t a t i o n  o f  seawater t o  i n l a n d  l o c a t i o n s  
may make it p o s s i b l e  t o  u t i l i z e  e x c e s s  power p l a n t  h e a t  f o r  f l a s h  
d i s t i l l a t i o n  o f  needed water. S e a w a t e r  is r e l a t i v e l y  d i l u t e  i n  s a l t  
compared t o  t h e  s a l t  c o n t e n t  of  t h e  d r y  l a k e  or s u b s u r f a c e  b r i n e  waters.  
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